Highly selective L-threonine 3-dehydrogenase from Cupriavidus necator and its use in determination of L-threonine.
l-Threonine level in blood plasma is a biomarker of some diseases and nitrogen imbalance in the body. The determination of l-threonine is interesting and is required for diagnosis and management of inherited metabolic disorder. This is the first report of the specific enzymatic determination of l-threonine by a newly discovered l-threonine 3-dehydrogenase (ThrDH, EC 1.1.1.103) from Cupriavidus necator NBRC 102504. ThrDH, a key enzyme in l-threonine catabolism in microorganisms and animals, catalyzes the NAD(+)-dependent oxidation of l-threonine to 2-amino-3-oxobutyrate. ThrDH from C. necator was purified to homogeneity and fully characterized. l-Threonine and dl-2-amino-3-hydroxyvalerate are the only substrates for ThrDH among other l-amino acids, alcohols, and amino alcohols. The primary amino acid structure of ThrDH belongs to the extended short-chain alcohol dehydrogenase superfamily and is related to GDP-mannose-3',5'-epimerase (GME) from Arabidopsis thaliana. Both enzymes have a glycine-rich NAD(+)-binding domain at the N terminal and conserved catalytic triad of YxxxK residues, but substrate-binding residues of GME were not found in the ThrDH sequence. ThrDH significantly differs from known bacterial and archaea ThrDHs that belong to zinc-binding medium chain alcohol dehydrogenase because of low sequence similarity and the lack of a zinc-binding domain in the sequence. A specific, quantitative, and sensitive enzymatic endpoint method for l-threonine determination was developed by using a ThrDH microplate assay. The assay was successfully applied for determination of l-threonine in human serum and plasma. Our specific determination is simple, convenient, inexpensive, accurate, and suitable for mass screening determination of l-threonine in a number of samples.